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@ Pipe union assembly. 

(g) A pipe union assembly with embodiments (100, 102, 104. 
106. 108) which are capable of use over a very wide temperature 
range and whteh may be cycled through temperatures varying 
widely from the ambient assembly temperature and also over a 
wide range of pressures without the need to be retightened. 
The pipe union generally comprises one or more fitting 
members (110A. 110B. HOC. 410, 610) and a sealing member 
(210. 510. 710). The sealing member (210. 510. 710) receives a 
ridge formed on each fitting member (110A. 110B. HOC, 410. 
610) in a sealing fashton. One or more external sleeves (302. 
304. 328. 350. 376) hold the fitting member (11QA. 1108. 110C. 
410. 610) and the sealing member (210. 510. 710) in sealing 
engagement The materials from which each fitting member 
(110A. HOB. HOC. 410. 610) and seaHng member (210. 510. 
710) are fabricated may be chosen so as to exhibit the proper 
hardness characteristics and thermal expansion co6ffk:ients. A 
compensating washer (320) is also provided to increase 
compensation for thermal contractions at low temperatures. An 
embodiment (100. 102. 104. 106. 108) is provided witti 
restraining clips (326) which are placed in grooves (144A. 144B) 
provided on the exterior of the fitting members (11 OA. HOB. 
HOC. 410. 610} so as to allow breaking of the sealing 
engagement and dissipation of any residual pressure before the 
union is completely disassembled. 
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Description 

PIPE UNION ASSEMBLY 



. BACKGROUND 

5 

1. The Field of the Invention 

The present invention relates generally to fittings and couplers for use with pipes and hoses. More 
particularty, the present invention relates to pipe union assemblies which allow two pipes to be selectively 
joined together In. and released from, a sealing engagement such that the sealing engagement is maintained 
10 under extreme pressure and/or temperature conditions. 

2. The Background Art 

In many areas of modem industry, there is an urgent need for devices which allow two pipes to be repeatedly 
joined together while allowing for easy separation of the pipes. This need is especially urgent where the 
IS substances carried by the pipes are under extreme pressure and/or temperature conditions. The chemical, 
cryogenic, petroleum, and food processing fields are just some examples of industries having such needs. 

Although many different devices have been developed in the prior art for joining pipes, such devices often 
require cumbersome tightening by unwieldy tools if very high presand/or high or low temperatures are 
Involved. The various devices found in the prior art may be called connectors, fittings, unions, couplings, joints. 
20 or some other name, but they all serve the same function of joining two pipes. Furthenmore, not only are many 
of these prior art devices unsuitable in some applications, most also pose a safety threat to the operating 
mechanic assigned to loosen the connective fitting when high pressure is involved. 

One of the most common methods of joining two pipes involves a flange joint. When a flange joint is used, 
the ends of the pipes are provided with flanges extending beyond the outside diameter of the pipes. The 
25 flanges are provided with multiple bores through which bolts may be inserted and tightened using 
corresponding nuts. 

Between the two flanges is placed a flat ring conresponding to the dimensions of the flanges and having 
bores placed in positions corresponding to the flange bore positions. When in place, the ring acts as a gaslcet 
The flanges, with the ring located between the flanges, are joined together using the nuts and bofts inserted 

30 through the bores. The flanges may be provided with grooves to which the gaslcet conforms under pressure in 
order to provide an improved seal. 

Use of the common 'flange method" of joining two pipes has several disadvantages. First, it is generally 
cumbersome and quite difficult to join two pipes in this way, since many bolts and nuts are often required. It is 
important that all of the botts be tightened equally. Thus, tightening several bolls and nuts can take a 

35 significant amount of time, and require the use of specialized wrenches and other tools. It will be appreciated 
that properly threading and tightening all the bolts and nuts on a flange joint can be a cumbersome task. The 
amount of time required to assemble or disassemble a flange joint can be a serious disadvantage In many 
applications. In many iow-to-medium pressure situations, there has been a longfelt need for a pipe connector 
which can be hand tightened if desired. 

40 Second, a flange joint may be very difficult to disassemble because of the complexity of its construction. 
Moreover, in many cases, a flange Joint is subject to corrosion and aging of the flanges and ring gasket which 
also increases the difficulty of disassembly. 

Third, a flange joint typically must be extremely 'tight" in order to ensure that the joint does not leak when 
extremely cold, or extremely hot. fluid is introduced into the joint causing thermal contraction or expansion. If 

45 the flange joint is not very tight when assembled, then as very cold or hot fluids are introduced into the joint, 
the alternating expansion and contraction of the joint win cause the joint to loosen and leak. 

Fourth, in addition to the difficulty accompanying disassembly of the common flange joint, the person 
disassembling the flange joint is exposed to potential harm if any residual pressure remains within the system 
to which the pipes were connected. As a result, personal injury may occur during disassembly of a common 

SO flange joint because the flange joint does not provide any way of releasing residual pressure, from the 
connected pipes before being disassembled. If a method for releasing residual pressure is not provided, the 
person disassembling the joint faces the hazardous possibility that the joint will rapidly separate and release 
its contents during the disassembly procedure. 
In an effort to overcome some of the above-mentioned difficulties, various devices have been suggested for 

55 use as pipe connectors. 

One such pipe connector which has been developed is known as a GRAYLOC* connector. A GRAYLOC^ 
connector uses two hubs, each hub being attached to an end of a pipe. The hubs are generally butt-welded to 
the pipes. A seal ring is placed between the two hubs and an external clamp is applied to the joint. In a 
GRAYLOC^ connector, the clamp assembly surrounds the hubs and exerts pressure on the external 

60 clrcuniference of the hubs causing the hubs to be pressed against the seal ring. The seal ring Is formed such 
that a broad surface area Is presented to the interior of the joint. This causes the internal pressure of the 
system to force the seal ring to expand circumferentially thus improving the seal. 
While the GRAYLOC^ connector is an improvement over the common flange joint, it is still relatively difficult 
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to assemble and disassemble, since several bolts and nuts are required by the clamp. Moreover, there is no 
assurance that a joint assembled at room temperature will remain secure when exposed to extremely hloh and 
low temperatures. . 

Further, the seal ring may need to be replaced even after a single assembly procedure because of 
permanent deformation damage. The GRAYLOC® connector also provides little more protection to the person s 
disassembling the joint from residual system pressure than does the common flange joint. 

Another common method of joining two pipes Is known as the hammer union. In a hammer union, a first 
portion of the connector Is provided with male pipe threads on Its outer surfece with Its inner diameter being 
provided with a smooth sloping tapered surface oriented at an angle in the range from about 40** to about 60° . 
A second portion of the connector is provided with a sloping tapered surface to complement that of the io 
sloping tapered surface on the first portion. 

The two tapered surfaces are mated together and an external rotating sleeve, with female threads. Is slipped 
over the second portion of the pipe and threaded onto the male threads provided on the first portion of the 
connector. As the extennal sleeve of the hammer union is threaded onto the male threads the tapered 
surfaces are pressed together to provide a seal. * 

In order to provide the tightest possible seal, the external sleeye, which Is provided with ridges extending 
perpendicularly from its external circumference, are struck with a hammer In order to tighten the Joint as much 
as possible. Thus, the name "hammer union.' 

The hammer union presents many of the same difficulties that are inherent in the *flange method" of Joining 
two pipes, e^. difficult disassembly, frequent inability to reuse the connector, and no protection from residu^ so 
pressure remaining In the pipe during disassembly. Recognizing that ease of assembly and disassembly is 
Important In a pipe union, there have been attempts to provide a more easily assembled and disassembled 
pipe union. 

One example of an attempt to provide a more easily assembled and disassembled pipe connector is known 
as a HANSEN® coupling. In a HANSEN® coupling, the male portion of the coupling Is provided with a groove 2S 
formed in Its outer circumference and which is engaged by a retracting external sleeve that allows a plurality of 
releasably held ball bearings located in the female portion of the coupling to recede and thus allow the male 
portion to penetrate and make contact with the female portion. While the HANSEI^I® coupling has some 
advantages over other unions, the sealing function is provided by a flexible, rubber-like 0-ring gasket which is 
unsuitable for use under extreme temperature or pressure conditions. 

Another pipe connector which is an attempt to provide a more easily assembled and disassembled pipe 
union Is known as a KAMLOCK® connector. This connector. In a fashion similar to the HANSEN* coupling 
has a male portion with a groove around its external circumference. A female portion of the connector Is 
provided with two lever-operated cams which engage the grooves on the male portion when the male portion 
Is inserted into the female portion. ^ 

The sealing function of the KAMLOCK® connector is provided by a gasket of rubber-like material. Thus as 
with the HANSEN® coupling, the use of a flexible gasket makes this connector unsuitable for use in high 
temperature or high pressure applications. 

An Improvement over the above mentioned devices is found in Canadian Patent No. 1,026.791. Issued to 
Krywitsky. The pipe fittings disclosed In the Krywitsky patent are an improvement over the I^ANSEI^ coupling 40 
and the KAMLO® connector in that the sealing function is provided by a metal-to-metal interface which allows 
higher temperatures and pressures to be contained within the fitting than Is possible when flexible rubber-like 
gaskets are used. 

The fitting disclosed in the Krywitsky patent uses two tubular members which are attached to pipes at one 
end and are provided vk^th annular protrusions on the remaining end. An annular sealing ring with two opposing 45 
faces IS provided with annular recesses on both of its faces. The annular recesses are defined by relatively thin 
and flexible lips. The tubular member protrusions are forced into the recesses which flex according to the 
degree of penetration of the protrusions. Furthermore, as the internal pressure of the fitting increases or 
decreases, the lips flex somewhat helping to maintain the sealing contact against the protrusion. 

Use of the anangement disclosed in the Krywitsky patent allows the pipe fitting to be used in applications so 
involving either a constant high or low temperature, since the seal is fomied by metal-to-metal contact. 
However, several difficulties are inherent in the design disclosed in the Krywitsky patent 

First, because the lips of the metallic sealing ring are relatively flexible, the maximum pressure which 
may be reliably contained Is limited to about 40 pounds per square inch ("psi"). 

Second, the fitting of the Krywitsky patent may become difficult to disassemble if the fitting Hps "seize" ss 
onto the protrusion where the protrusion has been allowed to penetrate the recess too far. Such 
excessive penetration may be necessary to stop leaking at pressures near the maximum allowed for the 
device. 

Third, the sealing ring of the device of the Krywitsky patent may fail or be subjected to damage due to 
fatigue caused by the flexing of the annular Hps. 

Fourth, as the annular lips flex, the contact area between the protrusion and the lips generally 
decreases. As the protrusion is forced deeper between the annular Hps, the contact area diminishes to a 
very thin line around the protrusion. Once contact area has been reduced to such a "point contact," 
failure of the device may easily occur. 

Fifth, as the sealing ring wears because of normal use, the protrusions m^ be allowed to completely 65 
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penetrate to the bottom of the recesses wh'ile still not providing a sufficient seal to stop leaking. 

Sixth, because the sealing ring Is easily damaged and subject to rapid wear, the reusability of the pipe 
fitting is uncertain from one use to the next. 
Seventh, it is near^ alwe^ Is necessary to use tools to assemble or disassemble the fitting because of 
5 the pressure required to force the protrusion between the annular lips. The fact that tools must always be 

used decreases the usefulness of the connector. In many applications involving only moderate pressure, 
it would be very desirable to provide a connector which requires only hand tightening. 
Thus, the pipe connector disclosed in the Krywitsky patent is useful over a limited range of pressures, and 
questions of reliability arise after the fitting has been properly used only a few times, or improperly used (e.g. . 
10 over-tightened), even once. 

Another need which has been long unmet in the art is to provide an easily assembled, leak-free, aseptic pipe 
connector for use in food processing applications. In such food processing applications it is essential that Hf a 
leak should occur at the connector, contaminants from outside the connector not be allowed to enter the fluid 
stream. 

IS None of the above-mentioned devices provides a pipe connector which may be easily assembled and 
disassembled and which also maintains a leak proof seal while the device is cycled through a wide range of 
temperatures and pressures. Further, none of the devices discussed above provide a pipe connector which 
provides adequate protection from injury to the operator due to rapid release of residual pressure contained in 
the system or which meets the needs of the food processing industry. 

so In view of the foregoing, it would be an advancement in the art to provide a pipe union assembly which may 
be used at very low temperatures and also at very high temperatures. It would also be an advancement to 
provide a pipe union assembly which maintains a fluid tight seal even when subjected to wide thermal cycles 
Le., subjected to temperatures that greatly vary from the ambient temperature at the time of assembly. 
It would be another welcome advancement In the art to provide a pipe union assembly which may be easily 

25 assembled without requiring cumbersome tools and which may be hand tightened and stiTl be cycled through 
temperatures and pressure changes without requiring subsequent adjustment 

It would also be an advancement In the art to provide a pipe union assembly which may be subjected to 
extreme Internal pressures and still maintain a ftukJ-tight seal. StiH another advancement would be to provide a 
pipe union incorporating a structure to allow release of residual pressure from the union without causing harm 

30 to the person disassembling the union. 

Yet another advancement would be to provide an aseptic pipe union assembly. It would be another 
advancement in the art to provide a pipe union assembly which could be reused many times without repair or 
modification subsequent to each use. 

35 BRIEF SUMMARY AND OBJECTS OF THE INVENTION 

The pipe union assemblies of the present invention generally comprise at least one hollow fitting member 
which may be attached at a first end to a pipe, and a sealing member which may (In at least one embodiment) 
l^e attached at a first end to another pipe. Each fitting memt>er is provided with a tapered ridge running 
perimetrically around the end of the fitting member so as to extend axially therefrom. The sealing member is 

40 provided with at least one perimetric tapered channel configured in a shape which complements the shape of 
the tapered ridge. To provide a sealing engagement between the fitting member and the sealing member, the 
fitting member tapered ridge is inserted into sealing member tapered channel. 

The planar contact between the sides of the tapered ridge and the walls of the rigid sealing member channel 
form a fluid tight seal. The taper, or angle, of both the fitting member ridge sides and the sealing member 

45 channel walls are chosen so as to form the most secure seal possible. 

At least one external sleeve, which in one embodiment threadably attaches to the sealing member. Is 
provided to hold the tapered ridge into sealing contact with the tapered channel of the rigid sealing member. 
The walls defining the channel of the rigid sealing member and the sides of the tapered ridge of the fitting 
member may be fabricated from materials which differ in their hardness by the proper amount to provide the 

50 maximum seal therel>atween, as will be explained in more detail hereinafter. 

In this regard. In one preferred embodiment of the present Invention, materials are chosen which have 
thenma! expansion coefficients which will cause the sealing engagement between the sides of the tapered 
ridge and the walls of the rigkl sealing member to be maintained, or increased, as the temperature of the 
materials changes from the ambient assembly temperature. In another preferred embodiment, a 

55 compensating washer is provided to compensate for the decrease in sealing engagement which might 
othen^nse be experienced when the assembly is subjected to temperatures much lower than the ambient 
assembly temperature. 

By proper selection of the thermal expansion coefffcients of the materials and inclusion of the compensating 
washer, a pipe union assembly is provided which is capable of maintaining a secure seal when subjected to 
60 thermal cycling, Le., subjected to temperatures that vary greatly from the ambient assembly temperature. This 
advantage is in addition to the pipe union being well suited for use at either a constant high or low temperature. 
In yet another preferred embodiment, a restricting means is provided to ensure that the union may be 
* disassembled safely even though residual pressure remains in the system. 

Still another embodiment is described which has particular application in the food processing industry. In 
65 the food processing embodiment, structures are provided which ensure that if a leak occurs In the union, no 
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outside contaminants are allowed to enter the fluid stream. 

It Is. therefore, an object of the present invention to provide a pipe union assembly which may be used at 
both very low temperatures and at very high temperatures. 

Another object of the present invention is to provide a pipe union assembly which maintains a fluid tight seal 
when subjected thermal cycling. Le.. subjected to temperatures well above and/or well below the ambient 
assembly temperature. 

Yet another object of the present Invention Is to provide a pipe union assembly which maintains a fluid-tight 
seal when subjected to internal pressures ranging from at least well below atmospheric pressure to verv hiah 
pressures. 7 

Another object of the present invention Is to provide a pipe union assembly which may be easily and rapidly 
assembled or disassembled without the use of cumbersome tools and which has a self aligning sealinq 
member. ^ 

A further object of the present invention is to provide a pipe union assembly which may be hand tightened 
for nomial operation and which maintains a fluid-tight seal without subsequent adjustment after assembly 
even though subjected to widely varying extremes of both temperature and pressure 

Still another object of the present Invention is to provide a pipe union assembly which provides a means for 
releasing residual pressure remaining in the assembly while protecting the person disassembling the union 
from harm. 

A further object of the present Invention is to provide a pipe union assembly which may be reused manv 
times without repair or modification subsequent to each use. 

These and other objects and features of the present Invention will become more fully apparent from the 
following description and appended claims taken In conjunction with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure I is a partially cutaway perspective view of a first presently preferred embodiment of the present 
invention. 

^ Figure 2 Is an elevated cross-sectional view of the embodiment of l=igure I taken along line 2-2 of Figure 

Figure 3 Is an enlarged view of the portion of Figure 2 shown circled by the Une 3-3 of Figure 2 

Figure 4 Is an exploded perspective view of the rigid sealing member and the two frtting members of 
one presently prefen-ed embodiment of Rgure I. 

Figure 5 is a perspective view of one presently preferred embodiment of the compensating washer of 
the present Invention. ^ ui 

Rgure 6 is a perspective view of the embodiment of Figure I completely assembled. 

Figure 7 Is a partially cutaway elevated view of the embodiment of Figure 6. 

Rgure 8 is a partially cutaway perspective view of a second presently preferred embodiment of the 
present invention which is similar to the embodiment Illustrated in Rgure I but which utilizes only a sinole 
external sleeve. ' 

Rgure9isapartiallycutaway perspective viewofathird presently preferred embodiment of the present 
Invention. 

Figure 10 is an exploded perspective view of the embodiment shown in Figure 9. 

Figure II Is an elevated cross-sectional view of the embodiment shown in Rgure 9. 

Figure 12 Is an elevated cross-sectional view of a fourth presently prefen-ed emb<^lment of the present 
invention which is similar to the embodiment shown in Rgure 9 with some structural modifications and 
additions. 

Rgure 13 is a perspective view of a presently prefen^d embodiment of a sealing ring used in 
accordance with the present Invention. 

Figure 14 is a partially cutaway perspective view of a fifth presently preferred embodiment of the present 
invention which has particular application in the food processing industry. 

Rgure 15 is an elevated cross-sectional view of the embodiment of Rgure 14 taken along line 15-15 of 
Figure 14. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIIi/IENTS 

Reference will now be made to the drawings wherein like parts are designated with like numerals 
throughout. Additionally, parts serving similar functions on the various embodiments will be similariv 
numbered. eJ^, 110, 410, and 610. ■nmwiy 

A. A First Presently Preferred Embodiment 

Referring first to Rgure I, a partially cutaway view of one presently preferred embodiment of the present 
IIJ)?^ ^'J.nt embodiment, generally designated ICQ in Rgure I. Includes two hollow fitting members 

llOA and HOB. a hollow sealing member or sealing ferrule 210. two external sleeves 302 and 304 which are shown 
threaded together, a compensating washer 320 (shown In more detail in Figure 5), and restraining clips 326 
also sometimes refenred to as safety clips 326 (shown in Figures 6 and 7). Restraining clips 326 are received by 
restraining clip grooves I44A and I44B, shown best in Figures I and 2. 

In order to simplity the description of this embodiment, ttie structures associated with fitting members llOA 
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and HOB have been assigned reference numerals from 110 to 144 and also an appropriate A or B letter which 
corresponds to fitting member IIOA and fitting member 1108. respectively. Those structures associated with 
sealing member 210 have been assigned reference numerals from 210 to 230, and in some cases are also 
designated by an appropriate A or B letter if the structure is particularty associated with fitting member IIOA or 
5 HOB. 

As seen in Rgure 1, fitting members llOA and llOB are cylindrically shaped with threads II2A or I12B formed 
around the inside of their outennost ends; these outermost ends are generally designated ^1I4A and II4B in 
Rgure I. The diameter of fitting members IIOA and llOB m^ be Identical where pipes of identical diameter are to 
be joined, or may be dissimilar in order to facilitate interfiacing with pipes of different sizes or shapes as will t>e 
W explained hereinafter. 

it should be understood that, as used herein, the term *pipe' is meant to include hoses, tubing, and any 
other conduit-like structure used to carry a fluid. Since in the embodiments shown in Rgures 1-7 fitting 
members UOA and HOB are identical, the following description will only mal^e reference to fitting member llOA 
and its associated structures with the understanding that the same disclosure also relates to fitting member 
IS HOB and its associated structures. 

The interior cavity, generally indicated at H6A in Rgure I. of fitting member IIOA is shown as being cylindrical; 
however, interior cavity H6A and fitting member llOA may also take on other configurations. For example, 
elliptical or rectangular shaped cavities II6A may be used according to the needs of the particular application. 
While the embodiment shown in Rgures 1-7 is intended to be attached to a pipe by threading female 
20 threaded portion II2A onto a male threaded portion of the pipe (not shown), other methods for Joining each 
fitting member to a pipe member may be used. Besides the pipe threads as shown in Rgures 1-2 and 6-7, other 
possible methods include high pressure acme threads, butt welding, or other methods well known in the art. 

Whatever method is used to attach a pipe member to fitting member IIOA, the seal formed by the connection 
must have sufficient strength to ensure that the connection will not leak or deteriorate when used at the 
25 expected operating temperatures and pressures. In addition, the seal must also be resistant to the fiuid (which 
In some cases may be corrosive) passed through the pipe union assemb^. 

The pipe memt>er may be rigidly or even permanent^ joined to fitting member 1K)A. since the need to 
disassemble the pipe member from fitting member IIOA is avoided when using the present invention. Thus, the 
connection between the pipe member and fitting member IIOA may be made by welding to provkle additional 
30 strength and further prevent leakage. 

Furthenmore, the present Invention makes interfacing of pipes, tubing, and hoses of different size, shape, 
and material much simpler than prior art methods. Since fitting member IIOA may be easily adapted to accept 
these different pipes, tubing, or hoses at its outermost end II4A, as Indicated in Rgures I and 2. the remainder 
of its structure may be fabricated to a standard size. Thus, the present invention greatly facilitates the joining of 
35 dissimilar pipes without affecting the compatibility of the interface between fitting member IIOA and sealing 
member 210. 

The material used to fabricate fitting member IIOA must be carefully chosen In accordance with four criteria. 
These criteria for selection of the material are: (I) the material must exhibit sufficient strength so as to not be 
adversely effected when subjected to the temperatures and pressures of the expected operating conditions; 
40 (2) the material must be resistant to any corrosive action of the fluid introduced therethrough; (3) the material 
must have an appropriate themnal expansion coefficient, as discussed below, and (4) the material must have 
an appropriate hardness, as discussed below. 

Fitting member IIOA, as shown in Rgures I and 2, may be fabricated from various metals, e.g.. carbon steel or 
stainless steel, which exhibit characteristics suitable for the desired appfication. In this disclosure, the 
45 hardness of various materials will generally be referenced to the industry standard Brinell hardness scale 
(generally referenced as •HB ='). 

As will be appredated by those skHled in the art of metallurgy, the BrineH hardness number is obtained by 
indenting the surface of the metal with a hardened steel ball under a load and measuring the average diameter 
of the Impression by visual observation through a microscope. The measurements provided herein were 
50 obtained using Brinell type hardness tester and applying a 3000 Kg load. Using the Brinell hardness number, it 
is possible to determine the equivalent hardness number on other common hardness scales including the 
Rockwell. Vickers. and Shore scales by methods well-known in the art. 

As can be seen best in Rgure 4, each of fitting members IIOA and HOB has a conresponding perimetric 
tapered ridge I18A and I18B, respectively, at the corresponding innermost end 120A and I20B, respectively, of 
55 the corresponding fitting memtsers. The term 'perimetric" is adopted herewith to describe tapered ridge II8A 
and tapered channel 228A since ridge I88A and 230 are disposed around the perimeter of the interior cavity 
formed within fitting member IIOA. Thus, perimetric tapered ridge II8A peripherally defines the opening of cavity 
II6A fomned through fitting member IIOA. 
Sealing member 210. also referred to as ferrule 210. is provided with two perimetric tapered channels. 
60 generally designated 228A (see Rgures 2. 3, and 4) and 228B (see Figures 2 and 3)..each configured to receive 
its corresponding perimetric tapered ridge 1I8A and H8B. Advantageously, sealing member 210 of the present 
invention is self aligning in tiiat once tapered ridge I18A is inserted into tapered channel 228A, no further 
positioning of sealing member 210 is required by the person assembling the union. 
Ferrule 210 is preferably shaped so as to match the shape of interior cavity U6A and the exterior shape of 
65 fitting member OOA. Thus, if fitting member IIOA Is cylindrical, as shown the figures, the shape of ferrule 210 is 
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preferably also cylindrical. 

Figure 3 shows the detail of tapered ridge sides I29A which are preferably smooth, flat, machined surfaces, 
and which are oriented at an angle A to the central axis of fitting member IIOA. In Figure 3. the broken line 
marked C represents the central axis of fitting members IIOA and HOB and ferrule 210. 

It is prefen'ed that tapered ridge sides I29A. and tapered channel walls 230A. be precisely machined to a 32 
finish or better. Those skilled in the art of machining metals will appreciate that the designation "32 finish* 
Indicates that the arithmetic mean of the departures from an Ideally flat surface is equal to only 32 
micro-inches. Thus, while a very flat surface may be difficult to obtain, It is generally desirable that tapered 
ridge sides I29A be as fiat as possible. However, as will be explained later in connection with the hardness of 
the materials used In the embodiment, a surface finish less precise than a 32 finish may be used in some 
applications. 

Angle A may be within the range from about 2'' to about 12°. However, angle A is preferably in the range of 
from about 5° to about 9** and is most preferably in the range from about 6** to about 8° in the embodiment 
shown in Figure 3. If angle A Is too great, for example greater than 12** . it may be difficult to obtain the maximum 
possible sealing. Generally, as angle A Increases, so must the pressure exerted on the fitting members to urge is 
them toward the sealing member in order to maintain a secure seal. 

If angle A Is too shallow, for example less than 2**, damage to ridge sides I29A and channel walls 230A may 
occur making it difficult to disassemble and reuse ttie union. Such damage occurs because a bond similar to a 
"cold weld* may occur between tapered ridge sides I29A and tapered channel wails 230A which may result In 
galling. ^ 

It should be appreciated that using angles less than 5** will often result In a more secure seal, but such 
angles will also potentially result in an embodiment which may be reused fewer times and may also be difficult 
to disassemble. However, if the feature of providing a secure seal is paramount to providing a reusable pipe 
union, angles less than 5** may be used. Also, using an embodiment such as that illustrated f n Figures 12 and 13 
utilizing an easily replaceable sealing ring, allows the softer sealing ring to be discarded If It becomes damaged 25 
due to galling. 

Conversely, the use of angles greater than 9° may potentially result in a less secure seal but may also result 
in an embodiment which may be used a greater number of times. In some applications one or the other 
consideration may be paramount. An angle in the range from to about 8** has been found to be most 
preferable for most applications. ^ 

Also, for maximum sealing in the embodiments of the present invention, the mating surfaces, ridge sides 
i29A. and channel walls 230A In Figure 3 should be formed to tolerances which are as dose as possible. For 
example, a tolerance of ±i minute (1/60 of a degree) Is desirable. However, if possible, a tolerance within 
several seconds is more preferable. The distal end I24A of ridge II8A is preferably straight and flat as shown in 
Rgure 3. ^ 

Thus, when fabricating tapered ridge sides I29A and tapered channel 230A. It is necessary to consider the 
angle of the surfaces, the acceptable deviation. 1^, tolerance, from the chosen angle, and the surface 
roughness of the surfaces. It should be appreciated that if maximum sealing is to be obtained careful attention 
must be paid to these considerations. However, rf the embodiment Is to be used In less demanding 
applications, less attention needs to be paid to these considerations. 4^ 

The perimetric tapered channels, generally designated 228A and 228B In Figures 2, 3 and 4, located on 
opposite faces of fenule 210, are each provided with two flat walls 230A and 23QB respectively, as shown best 
in Rgure 3. Channel bottoms 227A and 227B are preferably smooth and flat In the following discussion, only 
the side of femjie 210 associated with fitting member IIOA wlU be described, with the understanding that the 
other side of fennle 210 associated with the structure of fitting member HOB Is symmetrically identical. 45 

The angle at which channel walls 230A are oriented with respect to axis C is designated A' in Rgure 3. The 
angle A' must match the angle A of tapered ridge sides I29A within very close tolerances for proper sealing 
contact and engagement to occur. Thus, as explained eariier, both angles A and A' should be within the range 
of about 2° to about 12**, with the range from about 5° to about 9** being-preferable and the range from about 
6*" to about 8*" being most presently preferred. gQ 

As shown best In Figure 3. tapered ridge II8A Is configured so that the end thereof cannot come into contact 
with channel bottom 227A. Thus, the nanrowest portion of tapered ridge II8A should not be as narrow as the 
narrowest portion of channel 228A. 

Due to the foregoing staicture, tapered ridge II8A cannot completely penetrate perimetric channel 228A. 
However, since the angle A' of channel walls 230A and the angle A of ridge sides i29A are essentially identical. 55 
a very precise mating occurs between channel walls 230A and tapered ridge sides I29A. 

By providing ridge I18A and channel 228A with tapered surfaces, greater surface area is provided which 
allows an Improved sealing engagement without Increasing the diameter of the embodiment as Is required, for 
example, to increase the sealing surface area when using a common flange joint. 

Furthermore, use of a tapered ridge I18A and a tapered channel 228A advantageously allows greater 60 
pressure to be applied to the ridge/channel sealing surfaces. Use of the tapered structures allows relatively 
high pressures to be exerted without resorting to tools when assembling the pipe union of the present 
invention. Since sufficient sealing for some applications occurs by tightening the embodiments by hand, tools 
are often not needed during assembly or disassembly. However, it may be desirable with some embodiments 
to use a wrench while assembling the union, or to include handles on the external sleeves of the embodiment 65 
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fn contrast to the "reusable" pipe fittings found in the background art. the present invention achieves a seal 
by making use of planar seating surfaces, comprised of tapered ridge sides I29A and tapered channel walls 
I30A. The fittings found in the background art typically rely on a point or linear contact to effect a seal. By 
making use of planar sealing surfaces, the present invention is much less affected by imperfections in the 
5 sealing surfeces as well as having the other advantages mentioned herein. 

Importantly, sealing ferrule 210 should be fabricated of a material which has characteristics wtuch will allow it 
to remain rigid even under the pressure exerted by the insertion of tapered ridge II8A into tapered channel 
228A. It should be appreciated that the term 'rigid* as used herein Is intended to mean that no substantial 
macroscopic changes occur. 
10 Furthermore, it is preferable that no macroscopic change occur in either fitting member ilOA or sealing 
member 210 after proper assembly of the union. However, it is desirable in some cases that a microscopic 
change occur at the mating surfaces of ridge sides t92A and channel walls I30A as will be explained hereinafter. 

As stated eariier, there are also other considerations which should be given careful attention when choosing 
a material from which to fabricate fenule 210 and fitting members lIOA and IIOB. Primarily, these conslderatkins 
15 are the thermal mansion characteristics of the material and the hardness of the material. In one preferred 
embodiment, ferrule 210 is fabricated from aluminum type 7075 and fitting members IIQA and IIOB are made from 
stainless steel type 304. 

Aluminum 7075 possesses a surface hardness 115 Brineli units softer than stainless steel 304. Also, the 
coefficient of thermal expansion of aluminum 7075 is 7.4 x 10-^ meters/meter • ""C greater than the 

20 coefficient of thermal expansion of stainless steel 304. Both aluminum 7075 and stainless steel 304 are 
relatively easy to machine to close tolerances. These and other attributes of these materials make them very 
suitable for a general purpose pipe union assembly according to the present invention. The particular 
importance played by the coefficient of thermal expansion exhibited by the material is explained below. 
It is often the case that the present invention will be assembled at an ambient temperature which may range 

25 from -50" C to +50*^0 in some industrial environments as well as in some harsh naturally occurring 
environments. While some background art devices mentioned eariier would have difficulty maintaining any 
adequate seal at a temperatures of -50° C. none of the known 'reusable* devices is able to maintain a secure 
seal as the temperature of the fitting Is significantly elevated above, or reduced below, the 'ambient assembly 
temperature." 

30 Still further, the challenge of maintaining a secure seal Is increased when the flttir^g is subjected to repeated 
thermal cycling. For example, the pipe union assembly of the present invention may t>e used at an oil extraction 
facility near the artic circle. In the winter, such assemblies may be assembled at temperatures as low as -50*^0 
and then experience a temperature rise of more than 400° C. and pressures above 2.000 psi, when steam is 
passed through the assembly. Alternatively, in other applications the ambient assembly temperature may be 

35 25° C but then drop into the cryogenic regions as liquid nitrogen at lower than -190° C Is introduced into the 
assembly. 

As the teniperature of the pipe union assembly of the present Invention varies due to either changing 
ambient conditions or the temperature of the fluid introduced into the pipe union assembly, the components of 
the union will undergo thermal expansion or contraction. The case of thermal expansion or thermal 
40 contraction, whichever is to be expected, must be considered when designing a pipe union assembly which 
will be used over greatly varying temperature conditions. 

As can be appreciated by examining the structure shown in Rgure 3. rather than incorporating a single 
sealing surface, two sealing surfaces are provided on each tapered ridge II8A arid tapered channel 228A. Each 
tapered ridge I18A Is provided witti two identical sides I29A and each tapered channel 22BA is provided witii two 
45 Identical walls 230A. 

Since one of each of these sides makes sealing contact with a corresponding wall, two sealing surfaces are 
created by each tapered ridge I18A and tapered channel 228A pair. In addition to such attributes as the eariier 
mentioned planar sealing surfaces, the redundancy of sealing surfaces is an additional characteristic which 
allows the present invention to provide a seal which is more secure than that provided tiy previously available 
SO devices. 

The two sealing surfaces will be referred to as the inner sealing surface, comprising ridge side I29A and 
channel wall 23QA whteh are nearest the inner cavity of the embodiment, and the outer sealing surface, 
comprising ridge side I29A and channel wall 230A which are nearest the exterior of the embodiment Ideally, 
the inner sealing surface will maintain a seal to keep the fluid within the assembly. If the Inner sealing surface 

^ fails to do so, the outer sealing surfece will retain any fluid escaping Into channel 228A. 

It is desirable, however, that the Inner sealing surface be securely maintained because once fluid escapes 
into channel 228A. the additional pressure in channel 228A will tend to push ridge II8A out of channel 228A 
which may increase the possibility of the outer sealing surface also ^ling. Because of the above-explained 
considerations, if a seal is to be maintained at maximum pressure and at a maximum temperature difference, 

€0 the below described attributes must be Incorporated into the embodiment. 

As the temperature of the assembly Increases there Is generally an accompanying increase in the pressure 
intern^ to the union. Thus, as temperature and/or pressure increases It Is important that the seal provided by 
the mating of channel walls 230A and ridge sides I29A be maintained or improved. This consideration is met by 
carefully selecta'ng the material from which ferrule 210 and fitting member IIQA are fabricated so as to meet the 

65 strength, rigidity, hardness and thermal expansion cfiaracteristics that are required by the particular 
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application. 

Importantly, when an embodiment of the present invention must maintain a high pressure sea! over a wide 
range of temperatures the thenmal expansion coefficient of the material from which fitting member ilOA is 
fabricated must be different than the thermal expansion coefficient of the material from which fenrule 210 is 
fabricated. 5 

Referring now to Figure 4, when the "operating temperature' will be significantly greater than the ambient 
assembly temperature, fitting member liOA should preferably exhibit a higher themial expansion coefficient 
than ferrule 210. Then, as both are subjected to the same elevated temperature, fitting member llOA will expand 
to a greater extent than ferrule 210. Importantly, fitting member llOA will expand both axially, along line D of 
Figures 3 and 4, and radially, along line E of Figures 3 and 4. Also, the width of tapered ridge 1I8A will also 10 
expand to a greater extent than tapered channel 230A. Thus, as tapered ridge 1I8A expands in the directions 
indicated by lines D and E. the pressure exerted upon the interface at channel walls 230A and ridge sides I29A 
Is Increased resulting In an improved seal. 

When the operating temperature of the assembly will be significantly less than the ambient assembly 
temperature, sealing member 210 should preferably exhibit a higher thermal expansion coefficient than fitting is 
member IlOA. Thus, rather than expanding as just explained, sealing member 210 will contract to a greater 
extent than fitting member IlOA along lines D and E shown in Rgure 4. In order to provide the most secure seal 
when the operating temperature will be lower than the ambient assembly temperature, an additional structure, 
a compensating washer 320 illustrated In Figure 5, is included. (The use and selection of the compensating 
washer will be explained in detail below). 20 

The second primary consideration Is the hardness of the material of both tapered ridge sides i29A and 
channel walls 230A. Table I provides a list of representative materials which may have application in the present 
invention. The values provided in Table I were taken from the ASM Metals Reference Book (2d ed. 1983). 

It will be appreciated that the values given for both the hardness and the thermal coefficient of expansion are 
subject to measurement errors and will vary slightly with temperature. However, the values provided, which 25 
assume a temperature of about 25° C. are useful since the difference In values between two metals will remain 
qualitatively the same as the temperature varies. 
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TABLE 1 



METAL 
CARBON STEEL 



BRINELL 
HARDNESS 



COEFFICIENT OF LINEAR 
THERMAL EXPANSION H«°C 



IS 



20 



1018 
1020 
1040 
1040 
4140 
5160 

STAINLESS STEEL 



111 
111 
201 

514 (Heat treated) 

302 

627 



11.8 X 10~^M 

11.7 

12.0 

12.0 

12.7 

12.6 



25 



303 
304 

ALDHINUH 



175 
175 



17.2 
17.2 



30 



2011T3 
2024 
6061 
7075 



95 
120 
65 
60 



22.6 
22.7 
24.3 
24.6 



ZINC (PLATED) 
COPPER (PLATED) 



76 



44 



27.4 
16.5 



40 



In order to provide the most secure seal possible at the channel ridge Interface, channel walls 230A and 
4S ridge sides I29A are fabricated of materials which differ in their hardness. In the embodiment shown in Rgure 3. 

channel walls 23QA are fabricated from a material softer than tapered ridge sides I29A. Attematively. tapered 

ridge sides I29A could be of a material softer than channel walls 230A. 
fabricating sealing member 210 from the softer material is presently preferred. While embodiments of the 

present invention may be used many times when properly assembled, should replacement of a part liecome 
so necessary, it is desirable that the replaced part be fenule 210. As explained eariler. fitting member DOA will often 

be permanently attached to a pipe member. Thus, fitting member IIQA may be difficult to replace while ferrule 

210 is easy to replace. By maldng ferrule 210 of a softer material, ferrule 210. rather than fitting member IIOA, wOl 

be the component to incur damage due to improper use or wear. 

. It should be appreciated that the proper 'hardness differential* may be accomplished either by fabricating 
SS the entire ferrule 210 orfitting member IIOA of a material having the appropriate hardness, or cfiannel walls 230A 
and ridge sides I29A may be plated or coated with appn^ate materials such as zinc or copper as listed in 
Table I. 

Using the Brinell hardness scale, it has been found that the material used in ferrule channel waHs 230A 
should have a diff«ence in hardness in the range of about HB => ito about HB = 300 when compared to the 
60 material used for tapered ridge sides I29A. Desirable results are also obtained when the hardness differential 
between the two materials is limited to within the range of from about HB => 5 to about HB = 200. However, in 
many applications a range of from HB = K) to about HB = 150 will t>e most preferred. 

As will be appreciated by those skilled in the art. as the hardness of a metal increases, the difticulty of 
precisely machining the metal also increases. Stiil, in some high temperature and high pressure environments 
6S it may be desirable to use very hard metals with or without additional materials plated on the tapered ridge 
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sides or the tapered channel walls. A general purpose pipe union assembly may have the entire fitting member 
llOA, Including ridges I29A. fabricated of carbon steel type 1040, while ferrule 210 may have a body fabricated of 
carbon steel type 1020. 

As stated eartier. ridge sides I29A and channel walls 230A are preferably formed to a 32 finish or better. In 
addition to the previously discussed reasons, due to the fact that it is nearly impossible, and commercially 
imprac tical. to fonm ridge sides I29A and channel walls 230A to eliminate all surface roughness. It Is necessary 
to use metals of differing hardness. Since even after precise machining minute imperfectbns remain In the 
surface of ridge sides I29A and channel wails 230A. the use of metals having differing hardnesses allows the 
softer metal surface to conform to the contour of the harder metal surface and Improve the sealing contact. 

It will be appreciated that the conforming of the softer surface occurs microscopically rather than 
macroscopically. Thus, no substantial change in dimensions takes place during the sealing process. The 
conforming of the softer surface allows the surfaces to function nearly as well as, or even better than, perfectly 
flat surfaces. 

It will be realized that the conforming of the softer surface involves deformation of the softer surface. In 
those cases where the surface Imperfections are not too great, the deformation will be elastic (i.e., 
nonpermanent) deformation. In the case of more severe imperfections, the deformation can be best describee! 
as plastic (Le., permanent) deformation. When severe surface Imperfections are present, plastic deformation 
tends to pemianently reduce the size of the imperfections and thus Improve the sealing function during 
subsequent uses. If the deformation falls within the elastic range of the softer material, the surface will 
repeatedly conform to the harder surface. 

It Is Important that the difference in hardness of the materials not be too great. For example, channel wall 
230A material must not be too much softer than the tapered ridge side I29A material. If the channel wall 
material Is too soft, channel walls 230A may undergo too much plastic deformation resulting in damage during 
Insertion of tapered ridge II8A and possibly making disassembly and reuse of the union difficult due to 
permanent macroscopic deformation of the channel wall 230A. Conversely, if channel wall 230A material is not 
soft enough, the maximum possible seal will not be formed. 

It will be appreciated that in some applications considerations of providing a secure seal may outweigh 
considerations of reusability. In such circumstances, it may be deemed best to use materials which widely 
differ In their hardness even if It means that the device may only be reused a few times. Alternatively, if 
reusability is the paramount consideration, use of relatively hard materials for both fitting member llOA and 
fenrule 210 may be deemed best. However, as the hardness differential between the materials decreases, the 
pressure which the union can contain when hand-tightened will decrease. Conversely, as the hardness 
differential between the two materials Increases, a secure seal may still be attainable by hand tightening even if 
harder materials are used. 

By carefully implementing considerations of the angle of the sealing surfaces, the tolerance of the angle, the 
surface roughness of the sealing surfaces, the hardness exhibited by the sealing surfaces, and the coefficients 
of themial expansion exhibited by the materials, a pipe union assembly which is reusable many times at 
extreme pressures and temperatures, and through repeated thermal cycles, is obtained. It should be 
appreciated that if less than maximum sealing in extreme conditions is all that is required, one or more of the 
considerations may be applied less rigorously. 

Male external sleeve 304 and female external sleeve 302, shown in Rgures I and 2 and in Figures 6 and 7, are 
provided to align and urge fitting member ridge II8A into sealing engagement with sealing member channel 
228A and to secure the resultant seal. In one general purpose embodiment, external sleeves 304 and 302 are 
fabricated from carbon steel type 1018. Carbon steel 1018 is a relatively low-cost, easily machined material having 
sufficient strength for a general purpose union. 

As seen in Figures 2 and 4. each fitting member llOA and HOB has on Its external surface an abutting edge, 
designated I40A and MOB. respectively. Referring to Figure 2. the external sleeves 304 and 302 are each 
formed with conresponding compressing edges. 308 and 306, such that when both male external sleeve 304 
and female external sleeve 302 are drawn together by joining the threads 312 and 310 of the male and female 
external sleeves 304 and 302, respectively, tapered ridge II8A is urged Into sealing contact with tapered 
channel 228A. ^ 

As shown in Figure I. external sleeves 302 and 304 are generally cylindrical and have dimensions which allow 
their Inner diameters to slip over the outer diameters of fitting members llOA or HOB and ferrule 210 with 
compressing edges 306 and 308 engaging abutting edges I40A and I40B. respectively. Preferably, the fit 
between the inner diameter of extemal sleeves. 302 and 304, and the outer diameters of fitting members llOA 
and HOB and f enule 210. is a precise one. as shown in Rgure 2. so as to add additional strength to the union 100 
by contacting the outer circumference of fenrule 210 and stabilizing its position. 

It should be appreciated that structures other than the structures shown in the figures may be devised and 
used to urge sealing member 210 and fitting members llOA and HOB Into sealing engagement. 

Optionally, extemal sleeves 302 and 304 may also be provided with set screws as shown best In Figures 6 
and 7 at 330 and 331. Set screw 331. inserted through the threaded bore provided at the circumference of male 
extemal sleeve 304 protrudes into fen^le recesse 211 but does not make contact with ferrule 210. In this way. 
ferrule 210 Is "loosely" held In contact with fitting member HOB so as to be held ready for insertion of rIdge II8b! 
Also, since ferrule Is held captive by set screw 331. it will not be misplaced. However, ferrule 210 should still be 
allowed to rotate freely so set screw 331 can not be Inserted too far. It should be appreciated that more than 
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one set screw 331 may be included. 

As shown best in Rgure 2, set screws 330 inserted through female external sleeve 302 preferably engage 
the end of male extennal sleeve 304 which is inserted into female external sleeve 302. Set screws 330, when 
tightened, prevent the union from being disassembled Inadvertently and also prevent either of external sleeves 
5 302 or 304 from loosening due to vibration. 

As explained earlier, the thermal contraction of the components at cold temperatures must also he 
considered in order to provide a pipe union assembly which may be assembled at room temperature but yet 
still maintain a seal when the union is subjected to very low temperatures. Proper selection of a material for 
fabrication of ferrule 2K) and fitting member llOA, e^, choosing a material having a different (either higher or 

10 lower) themnal expansion coefficient for febrication of fitting member llOA, assists in maintaining a seal when 
very cold temperatures are encountered. 

Sometimes, however, reliance on thermal contraction of the members may not be completely effective to 
ensure that a proper seal wlll be maintained when very cold temperatures are encountered. This is because 
axial contraction of fitting member IK)A, along line D of Rgure 4 may counteract any positive effect of radial 

15 contraction. The term often used to describe such axial contraction is "creeping." 

In order to ensure that a proper seal is maintained when temperatures fall well below the ambient 
temperature at the time of assembly, a structure is provided to resiliently urge perimetric tapered ridge II8A 
into sealing member channel 228A. This function is accomplished by a creep-compensating washer 320 shown 
in the view of Rgure 2 as well as In the perspective view of Rgure 5. 

20 Washer 320, which is preferably a spring washer, is placed between abutting edge I40B of fitting member 
HOB and compressing edge 308 of male external sleeve 304 as seen best in Rgure 2. Altennatfvely. 
compensating washer 320 m^ be placed between abutting edge I40A of fitting member llOA and compressing 
edge 306 of female external sleeve 302. Still further, two or more compensating washers 320 can be 
simultaneously used for additional compensation if desired. 

25 As can l>e seen in Rgure 5, washer 320 is formed in a conical section which allows washer 320 to act as a 
spring. The spring^ii<e structure of washer 320 can be seen best in the cross-sectional view of Rgure 2. Thus, 
as tapered ridges 118A and II8B tend to recede from sealing member channels 228A and 228B due to axial 
thermal contraction (i.e., 'creeping'), compensating washer 320 compensates for this creep by urging tapered 
ridges II8A and II8B into sealing contact with channel walls 23QA and 230B. 

'30 As shown in Rgures I and 2. each of fitting members lIOA and llOB are also provided witti grooves I44A and 
1448, into which restraining clips 326. shown in Rgures 6 and 7, are placed. Grooves I44A and 1446 and 
restralriing clips 326. also refenred to as safety cflps 326. serve the Important function of assisting and 
protecting the operator during the disassembly of the pipe union iOO. By placing removable restraining clips 
326 In grooves I44A and I44B near the external sleeves 302 and 304, restraining dips 326 restrain the 

35 unthreading of external sleeves 302 and 304. 

For example, to disassemble the embodiment shown in Rgure 7. the external sleeves 302 and 304 are 
unthreaded firom one arK>ther until at least one fitting member llOA or llOB is separated from ferrule 210. 
However, before external sleeves 302 and 304 are completely disengaged from one another, each sleeve 302 
and 304 is restrained by restraining clips 326 placed in grooves I44A and I44B. 

40 As external sleeves 302 and 304 are loosened, the outward pressure on restraining clips 326 (which are 
attached to fitting members ilOA and llOB) force one or both tapered ridges II8A or U8B out of sealing 
engagement with sealing member channels 228A or 228B. Thus, the seal between fitting members BOA or HOB 
and fenrule 210 is broken before external sleeves 302 and 304 are completely unthreaded from one another. In 
this ws^. restraining dips 326 assist the operator to disassemble the embodiment 

45 The restraining effect of the restraining dips serves an Important safety function In case any residual 
pressure remains in the pipes joined by pipe union assembly. If suffident residual pressure is present fitting 
members llOA or HOB may be forced out of sealing engagement with sealing member 210 as soon as external 
sleeves 302 and 304 are sllghtiy loosened. However, since external sleeves 302 and 304 are still substantially 
threaded to each other, tapered ridges II8A and II8B and sealing member channels 228A and 228B. 

SO respectively, are held In dose proximity to one another and the residual pressure is allowed to escape 
gradually. 

The presence of escaping pressure alerts the operator of the presence of pressure remaining in the system. 
By this construction of the present invention, an operator is protected from an "exploding" pipe union which Is 
created when all the restraints on the pipe union assembly are released and the Internal pressure 'blows 
^ apart" the union creating a serious hazard to the person disassembling the union. 

The following examples are given to illustrate particular devices and methods within the scope of the 
present invention but they are not intended to Omit the scope of the present invention. 

Example I 

60 A device within the scope of the present invention substantially similar to the embodiment illustrated in 
Rgure I was constructed. The attributes of the subject device were as follows: 

Interior Diameter: 1/2 inch 
End Rtting Material: 304 88 
65 Ferrule Material: AL 7075 
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Angle of Sealing Interface: 8° 



The device was hand tightened at about 27°C and subjected to a hydrostatic test. During the test a liauid 
was introduced into the device at 5000 psi. The test was repeated six times with £e device b^ 
disassembled and assembled between each test. Importantly, no leaks or pressure drops were detected! 

Example 2 

A device within the scope of the present invention substantially similar to the device described in Example I 
w^ constructed and tested. The device was hand tightened at a temperature of 49°C and sublected to a 
hydrostatrc test at 5000 psi as described in Example I. No leaks or pressure drops were detected. 

Example 3 

A device within the scope of the present Invention substantially similar to the device described in Examole i 
was constructed The attribute of the subject device which differed from the attributes of the devteert 
Example I was the feniile material v»hlch was AL 2024. 

The device was subjected to an experimental field test where it was repeatedly assembled and 
disassembled by handat room temperature of about 25<'C during normal use. During the test, liquid nitrogen 

Si^^sjr2^-^o"i:^'rrettt.'^"^^ 

Example 4 

A device within the scope of the present Invention substantially similar to the embodiment Illustrated in 
Figure I is constructed. The attributes of the subject device include: "wsiraiea in 

Interior Diameter: 1/4 inch 
End Fitting Material: a040 
Ferrule Material: Ci020 
Angle of Sealing Interface: S*" 

It is expectedmat the subject device, when tightened to 15 ft. lbs. at about 2Src. wiH contain a hydrostatic 
pressure of 10.000 psi without any detectable leaks. nyarosianc 
Still further, the subject device, with the restraining clips in place, is expected to break its seal before the 
T^^ T^.^^ completely unthreaded from each other. Thus, the person disassembling the union Is 
protected from ham if residual pressure is present in the union. 

Example 5 

A device within the scope of the present invention substantially similar to the device described in Examole 4 
IS constructed except the following attributes are altered: cxampie ^ 

End Fitting Material: C5I60 

S^K^^'L^'^'ioJ^.T^Sr' ""^ °" "^"^ ""'^ to between about 

Angle of Sealing Interface: 8* 

It Is expectedthat the subject device, when tightened to 15 ft. lbs. at about 25'»C. will contain a hydrostatic 
pressure of 10.000 psi without any detectable leaks. nyorosiatic 

Example 6 

A de^e within the scope of the present Invention substantially similar to the device described in Example 4 
IS constructed, except the following attributes are altered: ^ 

End Fitting Material: C4I40 
Angle of Sealing Interface: 2* 

It is expectedthat the subject device, when tightened to 15 ft. lbs. at about 25»C, will contain a hydrostatic 
pressure of 10.000 psi without any detectable leaks. ^"^in a nyarosiaiic 

Example 7 

A dewce within the scope of the present invention substantially similar to the device described in Examole 4 
Is constructed, except the following attributes are altered: example 4 

End Fitting Material: C4I40 
Angle of Sealing Interface: 12° 

It is expected that the subject device, when tightened to 15 ft. lbs. at about 25*^0. wHI contain a hydrostatfc 
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pressure of 1000 psi without any detectable leaks. 

B. A Second Presently Preferred Embodiment 
The major structural features of a second embodiment within the scope of the present invention illustrated 
5 in Rgure 8. and generally designated 102. are substantially similar to those discussed in connection with the 
embodiment illustrated in Rgures 1-7. While those structures which are clearly similar to previously described 
structures will not be descnlsed again, the differences between the two embodiments will be brought out in the 
following discussion. 

The embodiment illustrated In Figure 8 is configured so that only a single external sleeve is necessary. 

10 Fitting member llOB is substantially the same in both Figure 8 and Figure 1; however, male external sleeve 304 
and female external sleeve 302 have been replaced by single female threaded sleeve 328 illustrated in Rgure 8. 
Female threaded sleeve 328 engages fitting member HOB in a fashion similar to that described in connection 
with male external sleeve 304 and fitting member IK)B as illustrated in Rgure I. 

Fitting member nOC, and tapered ridge U8C. are substantially identical to the previously described structures 

15 except that fitting member llOG Is provided with threads 148C on its outer circumference. When assembled, 
threads 310 provided on female external sleeve 328, engage fitting member threads I48C. It will be appreciated 
that by use of a single external sleeve 328. the fabrication of. and also the use of. embodiment 102 may be 
simplified. 

Fitting memt>er llOB is provided with groove I44B for insertion of a restraining clip. It will be appreciated that 
20 the restraining clip (not shown in Rgure 8) still serves the important safety function of breaking the seal of the 
assembly before female threaded sleeve 328 may t>e completely unthreaded from fitting member IIOC. 

Rtting members llOB and llOC and female threaded sleeve 328 are provided with areas which are generally 
called "wrench flats' MSB, I46C. and 332, respectively. The wrench flats are provided in order to allow 
convenient grasping of the structures of the embodiment by a wrench, or other similar tool. 
55 SIrrce the present invention is well adapted for use both in cryogenic and high temperature applications, it is 
often necessary that the person disassembling the union must use a wrench or other tool since contact with 
the embodiment at extreme temperatures would cause personal injury. As will be appreciated by the foregoing 
description, even though the present Invention may fbrm an adequate seal for use at moderate pressures 
when hand tightened, the same device will contain much higher pressures when tightened using a wrench or a 
30 wrench-like apparatus. 

The following examples are given to illustrate particular devices and methods within the scope of the 
present invention but they are not intended to limit the scope of the present invention. 

Example 8 

35 A device within the scope of the present invention substantially similar to the embodiment illustrated in 
Rgure 8 was constructed. The attributes of the subject device were as follows: 

Interior Diameter: 1/4 inch 
End Fitting Material: 303 SS 
40 Ferrule Material: AL 20irr3 

Angle of Sealing Interface: 8** 

The subject device was tightened at room temperature to 15 ft. lbs. and subjected to a hydrostatic test. 
During the test a liquid was introduced into the device at 1500 psi and then the pressure was increased by 500 
45 psi every 10 minutes until a pressure of 10,000 psi was reached. No pressure loss or leaks were detected at any 
time during the test. 

Example 9 

A device within the scope of the present invention substantrally similar to the embodiment illustrated in 
SO Rgure 8 was constructed. The attributes of the subject device were as follows: 

Interior Diameter: 2 inches 
End Fitting Material: Cf040 
Ferrule Material: a020 
55 Angle of Sealing Interface .*6° 

The subject device was tightened at room temperature to 300 ft. lbs. and subjected to a hydrostatic test 
During the test a liquid was introduced into the device at 6000 psi and then the pressure was increased 
gradually until leakage was detected when the pressure reached 9500 psi. When the pressure reached 9500 
€0 psi the conventional pipe threads joining the fitting members to the pipe members failed thus concluding the 
test However, no leakage from the device itself was detected. 

Example 10 

A devtoe within the scope of the present invention substantially similar to the device described In Exampte 9 
65 was constructed, except the ferrule material was CtOI8. 
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The subject device was hand tightened at room temperature and subjected to a hydrostatic test. During the 
test a liquid was introduced into the device at a pressure of KXX) psi. No leaks or pressure drops were 
detected, even though the device was hand tightened. ... 

Example II 5 

A device within the scope of the present invention substantially similar to the device described In Example 9 
was constructed. 

The subject device was tightened to 300 ft. lbs. at about 26" C and subjected to a hydrostatic test. During the 
test a liquid was introduced into the device at a pressure of 6000 psi. The device was left for a period of 14 hours 
during which the temperature dropped to 20* C. At that time It was noted that the pressure had dropped to io 
5000 psi. The 1000 psi pressure drop corresponds to the drop expected due to the decrease in temperature. 
Importantly, no leaks were detected. 

Example 12 

A device within the scope of the present invention substantially similar to the device described In Example 9 is 
was constructed, except the ferrule material was C4I40- 

The subject device was tightened to 300 ft. lbs. at about 25^*0 and subjected to a hydrostatic test. During the 
test a liquid was introduced Into the device at a pressure of 6000 psi. The device was left for a period of 14 hours 
during which the temperature Increased to about 2rc. At that time It was noted that the pressure had 
increased to 6150 psi. The noted pressure increase corresponds to the expected increase due to the 20 
temperature rise. Importantly, no leaks were detected. 

Example 13 

A device within the scope of the present invention substantially similar to the device described In Example 9 
was constructed, except the ferrule material was CI020 and a ferrule coating comprising zinc electroplated to a 25 
thickness of 5/1000 to 10/1000 Inch was provided on the fenuie. 

The subject device was hand tightened at room temperature and subjected to a hydrostatic test During the 
test a liquid was introduced Into the device at a pressure of 2000 psi. At the end of 10 minutes a pressure drop 
of 25 psi was noted but no leaks were detected indicating that the pressure drop was due to fluctuations in the 
test equipment. qq 

Example 14 

A device within the scope of the present invention substantially similar to the device described in Example 9 
was constructed, except the angle of the sealing Interface was 8°. 

The subject device was tightened at room temperature to 300 ft. lbs. and subjected to a hydrostatic test. 35 
During the test a liquid was introduced Into the device at a pressure of 6000 psi. After 12 minutes, the pressure 
had dropped to 4800 psi and a slight leak was detected. It was subsequently determined that the surtace 
roughness of the ridge sides and channel walls exceeded the preferred maximum and that this was the cause 
of the lower than expected performance of the device. This example demonstrates the importance of proper 
surface roughness if maximum sealing Is required. 40 

Example 15 

A devtoe within the scope of the present invention substantially similar to the embodiment illustrated In 
Rgure 8 was constructed. The attributes of the subject device were as follows: 

45 

Interior Diameter: 2 inches 
End Fitting Material: 304SS 
Fenrule Material: AL 2024 
Angle of Ridge Sides: 8° 

Angle of Channel Walls: 10*" so 

The subject device was hand tightened at room temperature and subjected to a hydrostatic test. During the 
test a liquid was introduced into the device at a pressure of 500 psi. No pressure loss or leakage were detected 
after 10 minutes. However, the device failed to contain the liquid at pressures much above 500 psi. This 
example demonstrates the Importance of properly matching the angle of the ridge sides and channel walls. 55 

Example 16 

A device within the scope of the present invention substantially similar to the device described In Example 13 
was constructed, except the angle of the sealing Interface was e"" . 

The subject device was hand tightened at room temperature and subjected to a hydrostatic test. During the 60 
test a liquid was introduced into the device at a pressure of 200 psi. No leaks were detected at 200 psi, but the 
device failed to contain the liquid when the pressure was increased much above 200 psi. It was subsequently 
determined that the cause of the lower than expected performance of this device was due to the zinc plating 
provided on the ferrule. The plating was found to be uneven, thus demonstrating the Importance of the 
tolerance of the ridge side and channel wall angle and also of the proper surface roughness. 65 



15 



0231076 



Example 17 

A device within the scope of the present invention substantially similar to the embodiment illustrated in 
Rgure 8 was constructed. The attributes of the subject device were as follows: 

S 

Interior Diameter: 2 inches 
End Fitting Material: CI020 
Ferrule Material: Ci020 

Ferrule Coating: Zinc (electroplated 5/1.000 to 10/1,000 inch) 
10 Angle of Sealing Interface: 8"* 

The subject device was hand tightened at room temperature and subjected to a hydrostatic test. During the 
test a liquid was introduced into the device at a pressure of 2000 psi. The device initially failed to contain this 
pressure. However, the device was disassembled and assembled several times and retested. Upon retesting. 
15 the device contained a pressure of 2000 psi over a period of H) minutes with no pressure loss or leaks. It was 
concluded that the repeated assembly and disassembly improved the sealing function by reducing the surface 
roughness of the sealing surfaces. 

Example 18 

20 Six devices within the scope of the present invention substantially similar to the embodiment illustrated in 
Rgure 8 were constructed. The attributes of the subject devices were as foHows: 

Interior Diameter 2 inches 
End Fitting Material: CI020 
2S Ferrule Material: C 1040 

Angle of Sealing Interfece: 8^ 

The subject devices were subjected to an experimental field test at an installation involved in tertiary 
recovery of oil by steam injection. The installation was located in northern Alberta. Canada The devices were 
30 hand tightened at ambient temperatures as low as -60^C. Steam at 350*C and 2250**C psi was then injected 
into the devices. Oil was then recovered through the devices at a pressure of 600 psi. The devices undenwent 
four steam injection/oil recovery cycles. The devices were disassembled and reassembled between each 
cyde. No leaks were detected during the test. 

35 Example 19 

A device within the scope of the present invention substantially similar to the embodiment illustrated in 
Rgure 8 was constructed. The attributes of the subject devices were as follows: 

Interior Diameter: 1/4 inch 
40 End Fitting Material: 304SS 
Ferrule Material: AL 2024 
Angle of Sealing Interface: 8** 

The device was subjected to an experimental field test where it was repeatedly assembled and 
45 disassembled at room temperature by hand during normal use. During the test. Hquid nitrogen at least as low 
as -I90"C was conveyed by the device. Even though the device underwent a thermal cycle of over 200**C, no 
leaks were detected. 

C. A Third Presently Prefen-ed Eimbodiment 

30 A third presently preferred embodiment within the scope of the present invention is illustrated In Rgures 9-11 
and is generally designated 104. Rgure 9 is a partially cutaway perspective view of this third prefen-ed embodi 
ment Many of the structures incorporated into the third embodiment shown in Rgure 9-11 are very similar, or 
identical, to the structures used in the first embodiment previously described. 
The embodiment shown in Rgure 9 includes one fitting member 410 and one sealing member 510. Rtting 

55 member 410 is provided with a tapered ridge 418 running parametrically around the innermost end of fitting 
member 410 in a manner similar to tapered ridge II8A or II8B off the previously described embodiment Sealing 
member 510 is provided with tapered channel 528 running parametrically around the innermost end of sealing 
member 510. 

One female external sleeve 350 is provided with compressing edge 358 which biases compensating washer 
60 320 against abutting edge 440 of fitting member 4K). Sleeve 350 attaches to the extemal surface of sealing 
member 510 in a manner to be described in more detail hereirtafter. 

This third embodiment has fewer components than the previously described first embodiment and may be 
used in many of the same applications as the previously described embodiment. However, it is best suited for 
use in applications involving lower pressures and little thermal cycling. For example, as suggested by Rgures 
65 9-II. the embodiment may be used for providing an efficient union for connecting hoses, such as low pressure 
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hydraulic hoses or water hoses. This third embodiment. Is easier and less expensive to manufacture because 
of fewer components and is thus also easier to assemble and disassemble. 

As shown In the perspective view of Figure 9. the third embodiment Includes fitting member 410 which is 
similar in construction to fitting member llOA or llOB of the first embodiment. Rtting member 410, as shown in 
Figure 8. is provided with male threads 412 for connecting fitting member 410 to hose 12 by way of hose fitting 14 5 
and gasket 20. shown in Rgure 9. 

Similar to the first embodiment, fitting member 410 of the third embodiment is provided with tapered ridge 
418. However, only one fitting member and only one external sleeve (instead of two) are used to form the seal In 
the third embodiment. Thus, the third embodiment may be fabricated at a significantly lower cost than the first 
embodiment. 

The considerations discussed above in connection with fonmlng an adequate seal in the first embodiment, 
particularly regarding the angle of tapered ridge sides 429. and the materials from which fitting member 410 is 
fabricated, are substantially the same for this third embodiment. 

For example, referring to Figure II, the angle of tapered ridge sides 429 in relation to the fitting member 
central axis is preferably within the range of about 2" to about 12**, with the most presently preferred value 75 
being about 8**. Furthermore, the hardness differential between the material comprising tapered ridge sides 
429 and sealing member channel walls 530 should be within the range of about 1 to about 300 Brinell units with 
the most presently prefen-ed differential being from about 10 to about 150 Brinell units. Still further, as 
discussed in detail with respect to the first embodiment, fabricating fitting member 410 and sealing member 510 
of materials having different temperature expansion coefficients will also promote proper sealing of the 20 
second embodiment when thermal cycles are encountered. 

Since the third embodiment is primarily contemplated for use in applications invoh^ng less severe 
temperatures and pressures than the first embodiment, consideration of all of the features used in the first 
embodiment m^ not be necessary in order to provide for proper sealing in the practical operation of the 
second embodiment. 25 

As explained above, the angle at which tapered ridge sides 429 and channel walls 530 are oriented is 
preferably in the range from about 6** to about 8** ; however, tolerances need not be close if the embodiment is 
used in only low pressure conditions. 

Furthermore, if the temperatures and pressures which the third embodiment are subjected to are not. 
extreme, the considerations relating to the hardness differential and the thermal expansion coefficients of the 30 
components may be applied less rigorously than with the first or second embodiment. For example, in some 
low pressure and stable temperature situations, it may not even be necessary to use materials having a 
hardness differential or having specific thenmaJ expansion coefficients in order to provide a proper seal. 

Sealing member 510 of the third embodiment, as illustrated in Figure II. differs from sealing member 210 of the 
first embodiment In that hose 10 of the third embodiment is connected directly to sealing member 510 by way of 35 
a threaded connection between hose fitting 16 and sealing member threads 512. A gasket 22 may also 
optionally be provided. The sealing member tapered channel, generally designated 528 In Figure 10 and also 
shown in Figure 10. is preferably structured using the same considerations as discussed in connection with 
sealing member 210 of the first embodiment. 

In the third embodiment, both fitting member 410 and sealing member 510 may be fabricated of materials 40 
corresponding to the materials from which the fitting member and sealing member are fabricated In the first 
embodiment. However, if the operating conditions do not involve extreme temperatures and pressures. It will 
be appreciated that the Third embodiment may be fabricated of materials such as plastics or other materials 
which are easily molded or machined. 

Figure 10 represents an exploded perspective view of the embodiment shown in Figure 9. Figure 10 shows 45 
tapered ridge 418, sealing member tapered channel 528 and Interior cavity 516 of sealing member 510. The outer 
surface of sealing member 510 which Is preferably cylindrical, is provided with three substantially L-shaped 
grooves, generally designated 540 (two of which are shown in Figure 9) which allow the third embodiment to 
be rapidly assembled or disassembled. 

Each groove 540 receives a con^esponding external sleeve pin 354 which is mounted to the Interior surface 50 
of external sleeve 350. the interior surface of sleeve 350 being preferably cylindrical and of substantially the 
same diameter as the outer surface of sealing member 510. The pin 354 and groove 540 arrangement allows the 
embodiment to be quickly assembled or disassembled by essentially twisting the external sleeve and fitting 
member in opposite directions; this groove and pin arrangement has thus been termed a "quick twist 
coupling.' ^ 

As can be seen best in Rgure 10. grooves 540 are provided with a first portion 542 which Is widened so as to 
fonm a mouth to easily receive pin 354. Groove 540 is also provided with a second portion 544 which is 
substantially perpendicular to the end of sealing member 510 and which allows pin 354 to travel freely for a 
distance before contacting a third portion 546 which preferably fonns an angle of greater than 90° . preferably 
about 96°. with second portion 544. Groove 540 terminates with recess 548 which serves to lock pin 354 in 60 
place. 

Once pin 354 is inserted through first groove portion 542 and into second groove portion 544 so as to 
contact the junction between groove portion 544 and 546. sealing member 510 and fitting member 410 are 
rotated in opposite directions such that each pin 354 slides along the third portion 546 of its respective groove 
540. Since third groove portion 546 is oriented at an angle of about 96° from second groove portion 544, 65 
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external sleeve 350 moves racOally towards sealing member 510 and Is "pulled onto" sealing member 510 as they 
are rotated to move pins 354 along third groove portions 546. 

To make best use of the quick twist coupHng feature of the third embodiment, it is preferable that tapered 
ridge 418 and tapered channel 528 first make sealing engagement when pins 354 are situated somewhere 
5 within the third groove portion 546 which is indicated by the bracket marked S. By positioning pins 354 and 
grooves 540 such that sealing engagement occurs when pins 354 are in the area marked S provides for a more 
secure seal and provides for a mechanism to subsequently break the seal as will be explained in more detail 
hereinafter. 

The recess 548 located at the end of each third groove portion 546 serves to secure its respective pin 354 in 
10 place once pin 354 reaches recess 548. With grooves 540 being structured as described herein, tapered ridge 
418 and tapered channel 528 are heW in sealing engagement once pins 354 are locked into recesses 548 of 
grooves 540. 

Figure II is a cross-sectional view of the third embodiment shown In Rgure 9. Compensating washer 320 
shown In Figure II may be identical to compensating washer 320 shown in Rgure 5. Compensating washer 320. 

IS shown best In Rgure II, serves a dual purpose in the third embodiment As discussed previously in connectiorl 
with the first embodiment, compensating washer 320 serves to provide compensation due to "creeping" 
(degradation of the seal due to thennal contraction) which occurs at low temperatures. 

Importantiy, compensating washer 320 in the third embodiment also serves to bias external sleeve 350 in a 
direction which will hold pins 354 in groove recesses 358 and thus provides the tension necessary for proper 

20 operation of the quick twist coupling. In this regard, when pins 354 are seated in groove recesses 358 washer 
320 biases fitting member 410 towards sealing member 510. and ttius assists In fomiing a proper seal. 

As can be seen best in Rgure lU fitting member 410 is provided wrth an abutting edge 440 while external 
sleeve 350 Is provided wfth a compressing edge 358. One pin 354 and one groove recess 548 can be seen In 
the lower portion of Rgure ID. Compensating washer 320 is located between external sleeve compressing 

25 edge 358 and fitting member abutting edge 440 so that compressing edge 358 and abutting edge 440 are 
urged apart Pins 354. grooves 540. and compensating washer 320. are arranged such that sealing contact 
between tapered ridge 418 and tapered channel 528 occurs when pins 354 are situated In third groove portion 
546 which is designated S in Rgure K). TTiis arrangement provides that when pins 354 are received In groove 
recesses 548 shown best In Rgure K). compensating washer 320 is partially or fully compressed. 

30 By the above-descn*bed anangement fitting member ridge 418 Is held in tight sealing engagement witii 
sealing member channel 528. When pins 354 are received in groove recesses 548, compensating washer 320 
must be compressed even further to release the tension on pins 354 and remove pins 354 from recesses 648. 
When the third embodiment is disassembled, tapered ridge 418 and tapered channel 258 will be forced from 
seafing engagement once pins 354 pass through the area of ttiird groove portion 546 whfch Is designated S. 

35 Thus, the configuration of grooves 540 helps to break the seal when the external sleeve 350 and sealing 
member 510 are counter-rotated to disassemble the union. 

It shouM be understood that compensating washer 320 may be replaced by stiuctures ottier than that 
shown and described in connection with Rgure 0 above. For example, if the embodiment is to be used only 
under moderate temperature and pressure conditions, compensating washer 320 may be a washer of a 

40 resilient material, such as mbber. Depending upon tiie application, those skilled in the art win be able to 
determine what altemative stmctures and materials may be used for compensating washer 320. 

The most important criteria when selecting a material for compensating washer 320 is that washer 320 must 
be compressible so as to allow pins 354 to seat in groove recesses 548 while urging fitting member ridge 418 
Irito sealing engagement witti sealing member channel 528. This arrangement provides a coupling which is 

45 highly resistant to toosening due to vibration. TTius, when the above-described quick-twist coupling feature Is 
used, there Is often no need to include set screws, such as shown "in Rgures 2 and II at 330. 

The following examples are given to illustrate particular devices and methods wfthin the scope of the 
present invention but they are not intended to limit the scope of the present invention. 

50 Example 20 

A devtee substantially simHar to the embodiment illustrated in Rgure 9 was constoojcted except a ttireaded 
external sleeve was used rather than ttie "pin and groove* anrangement shown In Rgure 9. The parameters of 
the subject device were as follows: 

55 Interior Diameter: 2 inches 

Rtting Member and Sealing Member Material: 0020 
Angle of Sealing Interface: 6** 

The subject device was tightened to 300 ft. lbs. at room temperature and subjected to a hydrostatic test 
GO During ttie test a Qquid was Inti-oduced Into the device at a pressure of 6.000 psi. After a period of 40 minutes 
no loss of pressure or leaks were detected. 

Example 21 

A device substantially similar to the embodiment illustrated in Rgure 9 was constixicted except a threaded 
65 external sleeve was used ratiier than the 'pin and groove' anrangement shown In Rgure9.Theattnl)utesof tiie 
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subject device were as follows: 

Interior Diameter: 2 incties 
Fitting Material: C1020 

Sealing Member Material: CI020 provided with a zinc plating 5/1000 to 10/1000 inches thick 
Angle of Sealing Interface: B** 

The subject device was hand-tightened at room temperature using handles 4.5 inches long attached to the 
external sleeve of the device, and subjected to a hydrostatic test. During the test a liquid was introduced into 
the device at a pressure of ^500 psi. While the device first failed to contain this pressure, ft contained this 
pressure after it was disassembled and reassembled several times and then retested. it was subsequently 
detemnined that the repeated assembly and disassembly decreased the surface roughness (i.e.. improved the 
surface finish) of the ridge sides and the channel walls thus improving the seal. 

D. A Fourth Presently Preferred Embodiment 

Rgure 12 is a cross-sectional view of another presently preferred embodiment within the scope of the 
present invention, generally designated 106. which Is similar to the embodiment shown in Figure 9 with some 
optional alterations. For example, in Figure 12. the pipes 12 and 10 have been welded onto fitting member 410 and 
sealing member 510, respectively. Alternatively, pipes 12 and 10 could merely be fabricated as a unitary 
structures with fitting member 410 and sealing member 510. respectively. 

Furthenmore. in Rgure 12, the quick twist coupling anrangement shown In Figures 9-11 has been replaced by a 
thread arrangement wherein the outer surface of sealing member 510 is provided with threads 552 which 
receive threads 360 provided on the inner surface of external sleeve 350. Additionally, set screws 330 may be 
optionally provided on external sleeve 350 in the locations shown. Set screws 330. when engaged, hold 
external sleeve 350 in a fixed relationship to sealing member 510. Thus, external sleeve 350 is kept from being 
unthreaded from seating member 510, either inadvertently or due to vibration, unless set screws 330 are 
disengaged. 

The embodiment shown in Figure 12 is provided with an additional structure, sealing ring 550. which provides 
an interface between fitting member ridge 418 and sealing member channel 528. As shown In both Figures 12 
and 13. sealing ring 550 has a bore provided therethrough, the bore corresponding in size to the interior 
cavities. 416 and 516. of fitting member 410 and sealing member 510. respectively. Use of sealing ring 550 allows 
fitting member 410 and sealing member 510 to be fabricated with fewer constraints regarding the hardness 
differential of the materials, as described above, since the sealing ring itself may be fabricated of a material 
which provides the proper hardness differential. 

For example, fitting member 410 and sealing member 510 may be fabricated of the same material while 
sealing ring 550 may be of a material having the proper hardness differential, where such a hardness 
differential is desired to form a better seal. This avoids the fabrication difficulties accompanying the plating of 
wails 530 of sealing member channel 528, as discussed in connection with the first embodiment shown in 
Rgure 3. v^th a material having the proper hardness differential and is suitable for applications which require 
less demanding tolerances. 

For example, fitting member 410 and sealing member 510 may be made of carbon steel while sealing ring 550 
may be fabricated, of copper which will provide the proper hardness differential. Still further, when the 
embodiment shown in Figure 12 is constructed to less rigid tolerances, sealing ring 560, being of a softer 
material, will conform to imperfections in seating member channel wails 530 and fitting member ridge sides 429 
which may be caused where less costly and less precise fabrication techniques are used. 

The embodiment illustrated in Rgure II also shows a restraining clip 326 mounted onto the exterior surface 
of fitting member 410. Restraining clip 326 may either be permanently attached to fitting member 410 (as shown 
in Figure 12) or removably placed in a groove (not shown) provided in the fitting member 410. 

Restraining clip 326 assists in breaking the seal between fitting member ridge 418 and sealing member 
channel 528 before external sleeve 350 is completely unthreaded from sealing member 510. As will be 
appreciated, the seal between fitting member ridge 418 and the walls of sealing member channel 528 is often 
difficult to break due to the seal formed there between. 

Restraining clip 326 included in the fourth embodiment also serves the safety function described in 
connection with restraining clips 326 of the first embodiment. With restraining clip 326 in place, as shown is 
Figure 12. the seal between fitting member 410 and sealing member 510 is broken before external sleeve 350 
may be completely removed from sealing member 510. Thus, any residual pressure remaining In the system will 
be allowed to gredually escape, thereby preventing the pipe union from 'exploding* apart. Additionally, 
restraining clip 326 prevents external sleeve 350 from being completely removed from fitting member 410 and 
being misplaced. 

E. A Fifth Presently Preferred Embodiment 

A fifth presently preferred embodiment within the scope of the present invention, generally designated 108, 
is illustrated in the perspective view of Figure i4. and in the cross-sectional view of Figure 15. While It will be 
readily appreciated that the embodiment illustrated in Figures 14 and 15 includes structures which are similar to 
the embodiment illustrated in Rgures 9-tl. this fifth embodiment is particularly adapted for use in food 



19 



0 231 076 

processing appGcatibns. 

In the food processing field, there is a particular concern for preventing the introduction of bacteria, or other 
contaminants including disease causing organisms, into the food product This Is a particular concern with 
liquid food products, especially dairy products such as milk. It is often desirable that the product be processed 
5 under aseptic conditions, that is, conditions which are free from disease causing organisms. 

Ideally, food processing systems carrying liquid products such as milk would be completely sealed to 
prevent the Introduction of contaminants. However, it is a practical necessity to include openings within the 
system to allow insertion and removal of the product as well as to allow disassembly of the system for periodic 
cleaning and maintenance. 

10 Thus, there is a great need for union assemblies for pipes which allow easy assembly and disassembly and 
still are able to maintain an effective seal under a variety of conditions so as to exclude contarhinants and thus 
maintain an aseptic condition within the pipe. 

As stated earfier, the embodiment illustrated in Figures 14 and 15 shares many of the structural 
characteristics of the embodiments Illustrated in Figures 9-11. Similarly, it will be appreciated that extreme 

IS pressures, or extremely high tempemtures, are not generally encountered in food processing applications. 
However, all of the previously mentioned considerations, such as the angles provided on tapered ridge 618 and 
tapered channel 728 as shown in both Rgures 14 and 15, are applicable. 

Furthermore, it will be appreciated that in light to moderate service applications, the considerations 
regarding hardness differential between the sealing surfaces and the thenmai expansion coefficients of the 

20 material making up fitting members 610 and sealing member 710 may be adhered to less rigorously than if 
extreme service conditions are to be expected. 

As shown In both the perspective view of Rgure 14 and in the cross-sectional view of Rgure 15, fitting 
member 610 is provided with an internal cavity, generally designated 616, and also threads 612 at its outermost 
end. It will be appreciated that fitting member threads 612 are just one of many methods that could be used to 

2S attach a pipe, hose, or tube to fitting member 610. Likewise, sealing member 710 is provided with an internal 
cavity, generally designated 716. and threads 712. 

Similarly to the previously described embodiments, external sleeve 376 is used to maintain contact between 
fitting member 610 and sealing member 710. External sleeve 376 is provided with a compressing edge 378, as is 
shown best in Rgure 15, while fitting memt>er 610 is provided with an abutting edge 640. Interposed between 

30 compressing edge 378 and abutting edge 640 Is compensating washer 320. 

Compensating washer 320 is essentially similar to the compensating washer used with other embodiments. 
Sealing member 710 is provided with an acme-type tfiread on its outer surface. A portion of thread 740 can be 
seen in the cutaway portion of Rgure 14 and the cross-sectional view of Figure 15. Sleeve 376 is provided with a 
ridge 380 which engages thread 740 on sealing member 710. It will be appreciated that many different types of 

35 threads, for example those used with the other embodiments illustrated herein, could also be used with fitting 
memk>er 710 and sleeve 376. 

As with several other embodiments of the present Invention, the embodiment Illustrated in Rgures 14 and 15 
is provided with a restraining dip 326. When restraining clip 326 is in place, tapered ridge sides 629 will be 
removed from contact with tapered channel walls 730 before sleeve 376 Is completely unthreaded from sealing 

40 member 710. Thus, restraining dip 326 serves the essential safety function of allowing pressure contained 
within the union to be confroUably released before the union is completely disassembled. 

As stated eariier, the food processing industry has great concern for excluding contaminants from fluids 
flowing within a pipe. The embodiment illustrated In Rgures 14 and 15 Is particularly well adapted for meetirtg the 
needs of a aseptic food processing systems. Rrst. the present invention, as explained eariier, provides a very 

45 reliable, and reusable, seal. However, if a leak should occur at the union, the embodiment is so structured and 
operated that no contaminants are allowed to enter the fluid flow within the unk>n. 

As shown best in Rgure 15. the emlxxliment is provided with two fluid ports, also called steam ports, 
generally designated 750A and 750B. Both steam ports 750A and 750B are provided with threads 752A and 
7528, respectively. In operation, pressurized sterilized steam, or cullinary steam, is introduced into ports 750A 

SO and 750B through a pipe, hose, or tube, which may be conveniently attached by way of threads 752A or 752B. 
Pressurized steam is introduced Into ports 750A and 750B and enters tapered channel 728 by way of 
channels 754A and 754B. Alternatively, port 750A could be designated as steam inlet and port 750B could he 
designated as steam outlet. Thus, steam would be allowed to drculate, rather than just exert pressure, within 
tapered channel 728. 

55 It will be appreciated that in either of the at)ova alternatives, because of the steam pressure found within 
tapered channel 728. any disruption of sealing contact between tapered ridge sides 629 and tapered channel 
wall 730 will only result in the introduction of steam into the interior of the union as opposed to allowing the 
entrance of undesirable contaminants. Furthermore, the pressure within the steam supply lines (not shown) 
can be monitored to determine if a leak has occurred at the. assembly. 

60 Importantly, the steam must be supplied at a pressure greater than that encountered within the union 
assembly. If the steam is supplied at a pressure which is greater than both atmospheric pressure and the 
internal pressure of the union only steain will be allowed to enter Into the Interior of the union, and escape to 
the exterior of the union, rather than allowing contaminants to enter the union. 
The introduction of a small amount of cullinary steam into the fluid flow will not cause a significant 

GS degradation in the quality of the fluid. Conversely, if viable bacteria were introduced into tiie fluid flow, the 
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entire batch of fluid would most likely be discarded due to the contamination. Thus, leaks at the inner seal 
between tapered ridge sides 629 and tapered channel wall 730 only allows a small amount of harmless steam 
to enter Into fluid flow. 

Altematlvely, a disrupted seal at the outer seal between tapered ridge side 629 and sealing member wall 730 
will merely result In a small amount of steam leaking to the outside of the union assembly. Due to the fact that 5 
the steam is pressurized, only steam is allowed to escape from the tapered channel thus blocking the entrance 
of contaminants Into the tapered channel which might pose a contamination problem If leaks were to occur 
simultaneously at both the inner and outer seals. 

It will be readily appreciated that ports 750A and 750B could be replaced by a single opening or three or 
more openings as well as other structures which serve the same function. io 

An additional benefit of the embodiment illustrated in Figures 14 and 15 is that the steam injected into the 
union may be used to raise the temperature of the assembly. Raising the temperature of the union helps to 
create aseptic conditions within the assembly thus reducing the danger of viable microorganisms entering the 
fluid flow. 

The advantages that come with use of the embodiment illustrated In Rgures 14 and 15 In the food processing is 
industry will be readily appreciated. Included in these advantages Is that the threat of contamination posed by 
faulty pipe unions can be greatly reduced. Yet other advantages include that the union may be easily 
disassembled for cleaning and may be reused many times. 

It will be appreciated that this embodiment may have diverse applications in fields other than the food 
processing Industry. For example, if it Is critical that contaminants be kept out of a fluid line which must be 20 
readily and easily disconnected, the embodiment may be used with a fluid, which is compatible with the fluM 
flowing through the union. Injected into ports 750A and 750B. 

F. Summary 

It will be appreciated that the above described embodiments are a significant advance over the pipe 25 
couplings available in the prior art. 

As mentioned previously, some of the primary considerations which must be implemented when practicing 
the present Invention Include the angle of the sealing surfaces, the surface roughness of the sealing surfaces, 
tolerance of the sealing surface angle, the hardness differential of the sealing surfaces, the coefficient of 
thermal expansion of the union components, as well as other considerations which were previously mentioned 30 
or which will be appreciated by those skilled in the art Importantly, the pipe union assembly of the present 
Invention provides the advantage of being quickly assembled and disassembled by hand or with simple tools. 

Also of importance is that the present invention provides a metal-to-metal seal which may be used at 
extremely hot or extremely cold temperatures. Also, the present invention provides a pipe union whteh may be 
assembled at the ambient temperature and still maintain a secure seal over a wide range of temperatures and 35 
pressures. Furthermore, a pipe union made in accordance with the present invention may be reused many 
times due to, among other features, the use of a rigid sealing member, rather than a flexible sealing member. 

Also, the rigid sealing member is extremely resistant to damage caused by over tightening. The present 
invention also includes an embodiment which provides protection to a person disassembling the pipe union by 
allowing residual pressure to be released in a controlled fashion rather than allowing the residual pressure to 40 
"blow apart' tiie pipe union. These and other benefits are gained by use of the pipe union assemblies of the 
present invention. 

It win be appreciated that the apparatus of the present invention are capat>le of being incorporated In the 
form of a variety of embodiments, only a few of which have been illustrated and described above. The invention 
may thus be embodied in other specific forms without departing from its spirit or essential characteristics. The 45 
described embodiments are to be considered in all respects only as Illustrative and not restrictive. The scope 
of the invention is. therefore, indicated by the appended claims rather than by the foregoing description. AH 
changes which come within the meaning and range of equivalency of the claims are to be embraced within 
their scope. 



Claims 

1. A pipe union assembly comprising: 55 
a hollow fitting member having means for attaching the fitting member at a first end thereof to a pipe 

member: 

a perimetric tapered ridge extending from a second end of the fitting member; 

a hollow rigid sealing rheans having means for attaching the rigid sealing means at a first end thereof to 
a pipe member: 60 

a perimetric tapered channel formed at a second end of the sealing means, the tapered channel 
receiving the tapered ridge of the fitting member in sealing engagement; and 

the rigid sealing means being sufficlentiy rigid such that the sealing means substantially retains its 
original configuration when the tapered channel receives the tapered ridge. 

2. A pipe union assembly as defined In claim I further comprising means for selectively securing the 65 
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tapered ridge in sealing engagement with the tapered ctiannel or releasing the tapered ridge and the 
tapered channel from sealing engagement. 

3. A pipe union assembly as defined in claim 2 wherein the means for selectively securing the tapered 
ridge in sealing engagement with the perimetric channel comprises: 

5 an extemal sleeve; 

a pin mounted on the mtemal surface of the externa! sleeve ; 

a groove formed on the extemal surface of the sealing means, the extemal sleeve and the sealing 
means being rotatable with respect to each other about their common axis, the groove being capable of 
receiving the pin and locking the pin Into place when the extemal sleeve is rotated with respect to the 
10 fitting member. 

4. A pipe union assembly as defined In claim 2 wherein the means for selectively securing comprises a 
rotatable extemal sleeve, said external sleeve threadably engaging a fitting member. 

5. A pipe union assembly as defined in claim 2 comprising two fitting members and wherein the means 
for selectively securing comprises two extemal sleeves, each extemal sleeve engaging one fitting 

IS meml^er and the external sleeves engaging the other. 

6. A pipe union assembly as defined in any of claims I to 5 further comprising restraining means for 
inhibiting the releasing of the means for selectively securing such that the sealing engagement between 
the tapered ridge and the tape 'ed channel is broken before the assembly Is completely disassembled. 

7. A pipe union assembly as defined in any of claims I to 6 wherein the tapered channel Is configured so 
20 as to complement the shape of the tapered ridge. 

8. A pipe union assembly as defined in any of claims 1 to 7 wherein the perimetric tapered ridge has two 
opposing flat sides, each of said sides being oriented at an angle in the range of from about T to about 
12*" with respect to a central axis of the fitting memt>er and wherein the perimetric channel is defined by 
two flat tapered walls, said walls being oriented with respect to a central axis of the sealing means at an 

25 angle which is equal to the angle at which the tapered ridge sides are oriented with respect to the central 

axis of the fitting member. 

9. A pipe union assembly as defined in any of claims I to 7 wherein the perimetric tapered ridge has two 
opposing flat sides, each of said sides being oriented at an angle in the range from aix>ut to about 9° 
with respect to a central axis of the fitting member and wherein the perimetric channel is defined by two 

30 flat tapered walls, said walls being oriented with respect to a centra] axis of the sealing means at an angle 

which Is equal to the angle at which the tapered ridge sides are oriented with respect to the central axis of 
the fitting member. 

10. A pipe union assemt>ly as defined in any of claims I to 7 wherein the perimetric tapered ridge has two 
opposing flat sides, each of said sides being oriented at an angle in the range from about 6° to about ^ 

35 with respect to a central axis of the fitting member and wherein the perimetric channel is defined by two 

flat tapered walls. sakJ walls being oriented with respect to a central axis of the sealing means at an angle 
}Nh\ch is equal to the angle at which the tapered ridge sides are oriented with respect to the central axis of 
the fitting memtser. 

11. A pipe union assembly as defined in any of claims I to 10 wherein the tapered ridge sides are fabricated 
40 from a material having a Brinell hardness value In the range from about 1 Brinell unit to about 300 BrineU 

units different than the Brinell hardness value of the material from which the tapered channel walls are 
fabricated, the Brinell units being measured on the Brinell hardness scale. 

12. A pipe union assembly as defined In any of claims I to 10 wherein the tapered ridge sides are fabricated 
from a material having a Brinell hardness value in the range from about 5 Brinell units to about 200 Brinell 

45 units different than the Brinell hardness value of the material from whtoh the tapered channel walls are 

fabricated, the Brinell units being measured on the Brinell hardness scale. 

13. A pipe union assembly as defined in any of claims 1 to K) wherein the tapered ridge sides are fabricated 
from a material having a Brinell hardness value in the range from about 10 Brinell units to about 150 Brinell 
units different than the Brinell hardness value of the material from which the tapered channel walls are 

SO fabricated, the Brinell units being measured on the Brinell hardness scale. 

14. A pipe union assembly as defined in any of claims I to 13 wherein the tapered ridge is configured so 
that it cannot completely penetrate the tapered channel. 

15. A pipe union assembly as defined in any of claims 1 to 14 wherein the sealing means is fabricated from a 
material having a coefficient of thermal expansion which is less than the coefficient of thermal expansion 

55 exhibited by the material from which the fitting member is fabricated. 

16. A pipe union assembly as defined In any of claims I to 14 adapted for use at cryogenic temperatures 
wherein the seafing means is fabricated from a material having a coefficient of thermal expansion which is 
greater than the coefficient of thermal expansion exhibited by the material from which the fitting member 
is fabricated and further comprising a compensating means for compensating for themnal contraction of 

60 said rigid sealing means and said fitting member so as to maintain said rigid sealing means in sealing 

engagement with said fitting members at temperatures lower than the ambient assembly temperature. 

17. A pipe union assembly as defined in any of claims I to 15 further comprising a compensating means for 
compensating for thermal contraction of the rigid sealing means and the fitting member so as to maintain 
the rigid sealing means in sealing engagement with the fitting member at temperatures lower than the 

65 ambient assembly temperature. 
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18. A pipe union assembly as defined in any of claims I to 17 wherein the means for attaching the rigid 
sealing means at a first end to a pipe member comprises a fitting member attached to a pipe member. 

19. A pipe union assembly as defined in any of claims I to 18 wherein the sealing means further comprises 
a port, said port being connected to the tapered channel. 

20. A method of connecting two pipe ends comprising steps of: 

providing a hollow fitting member having a tapered ridge disposed about the perimeter of a fittinq 
member first end; 

providing a hollow rigid sealing member having a tapered channel disposed about the perimeter of a 
sealing member first end, the tapered channel formed In a shape which complements the tapered ridge; 
attaching a second end of the fitting member to an end of a first pipe; 
attaching a second end of the sealing member to an end of a secqnd pipe: 
inserting the tapered ridge into the tapered channel ; 

exerting pressure on the fitting member to urge the tapered ridge into sealing engagement with the 
tapered channel whereby the tapered channel walls remain rigid and a planar sealing surface is formed by 
the side of the tapered ridge and the wall of the tapered channel. 
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